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Feasible Mechanism of Osmotic and Temperature Sensitivity Correction of
Human Erythrocytes Using Alkyl-B,D-Glucopyranosides

M3y4anu BIMsSHIE HEMOHHBIX IIPOU3BOIHBIX TIIIOKOITMPAHO3K /1A C ITTMHOM aJIKUIIbHOM 11emu 6, 8, 10 yriiepoiHbIX aTOMOB Ha pa3BUTHE
THIEPOCMOTHYECKOTIO JIM3KCA U XOJIOAOBOIO IIOKA 3PUTPOLUTOB YeoBeKa. [loka3aHa BbICOKask aHTHIEMOJIMTHYECKAs aKTHBHOCTD
BemectB (90-94%). D dhexTnBHbIC KOHIIEHTPALMH ANTKWITIIOKOIMPAHO3H/I0B CHI)KAIOTCS C YBEIMYCHUEM JJIHHBI AJIKHIBHON LETTH HX
MOJIEKYJI. B yCIIOBHSIX MPOTEKIMU KJIETOK NPH Pa3IMUHbIX THIIAX JIM3UCA PACCUMTAHBI BEIMYMHBI OTHOLICHHSI KOJINYECTBA MOJICKYII
JIUINAAR, TPUXOASIIErocs Ha 1 MOJIeKy/Ty ajJKHINIIOKOIMPAaHO3KAA B IPUTPOLIUTAPHON MeMOpaHe, U YCTaHOBJICHO, YTO MEMOpaHHBIE
KOHLIEHTPALIUH 9THX BEILECTB CYIIECTBEHHO HE OTIINYAIOTCSL.

Kniouegvle cnosa: >puTpOLUTHI YEIOBEKa, THIIEPOCMOTHYECKUI CTPECC, XOJIOM0BOM LIOK, aiKui-f3,D-TIIoKONupaHO3uIbI,
AQHTUTeMOJIUTHUECKHH 3 DEKT, 3P PeKTHUBHbIC KOHIIEHTPALHH.

BuBuasu BIJIMB HEIOHHHUX TOXITHUX TIFOKOMIPAHO3UIY 3 JOBKHUHOIO AJIKIILHOTO JIaHIora 6, 8, 10 ByiieiieBUX aTOMiB Ha PO3BUTOK
riepoCMOTHYHOTIO JII3UCY Ta XOJOIOBOIO IIOKY €PUTPOLUTIB onuHu. [loka3aHa BUCOKA aHTUTEMOJIITUYHA aKTHBHICTh PEYOBUH
(90 -94%). EchexTnBHI KOHLIEHTpALIT AJTKUIITIOKOMIPAHO3HIiB 3HIKYIOTHCSI 31 301IbLICHHSIM JOBKHHH aJIKIIEHOTO JIAHIIIOTA iX MOJICKYJI.
B ymoBax mpoTeKuii KJIITHH IIPU Pi3HUX TUIIAX JI3HCY PO3paxoBaHi BETMYMHH BiJHOIICHHS KiJIbKOCTI MOJICKYJI JIiIIi Ty, 1110 MPHUIIAIa€ Ha
1 MoJIeKyITy aNnKiINIIOKOIIPaHO3KAY B €PUTPOLUTAPHIN MeMOpaHi, i BCTAHOBJICHO, 110 MeMOpPaHHI KOHIIEHTPALIT IIUX PEYOBHH CyTTEBO
HE BiZPI3HSIOTHCS.

Kniouosi cnosa: eputpounTH JTIOIMHH, TIIEPOCMOTHYHHI CTPEC, XOJIOMOBHUI IIOK, AJKi-[3,D- NIFOKOMipaHO31aH, AHTUTEMOJI THYHUHA
edekT, epeKTUBHI KOHIIEHTPAILLT.

There was studied the effect of glucopyranoside non-ionic derivatives with the alkyl chain length of 6, 8, 10 carbon atoms on
hyperosmotic lysis and cold stress development in human erythrocytes. High antihemolytic activity of substances (90-94%) was
demonstrated. Efficient concentrations of alkyl glucopyranosides reduce with an increase in alkyl chain length of their molecules.
Under cell protection at different lysis types there were calculated the values of ratio of lipid molecule number per 1 molecule of alkyl
glucopyranoside in erythrocyte membrane and the membrane concentrations of these substances were established as not significantly

differed.

Key words: human erythrocytes, hyperosmotic stress, cold stress, alkyl-f,D-glucopyranosides, antihemolytic effect, efficient

concentrations.

OpUTPOLMTEI XapaKTEPHU3YIOTCS BEICOKOIN UyBCTBU-
TENBHOCTBIO K U3MEHEHHIO OCMOTHYECKUX YCIOBUMN
cpensl. Kak cHUKeHME KOHLIEHTpalMK COJIH, TaK 1 €€
MOBBILICHUE B Cpelle MHKyOalHu MO CPaBHEHHIO C
(PU3HOIOTHYECKOM HOPMOI COMTPOBOXKAAETCS MOBPEXK-
JeHreM MeMOpaHbl, IPUBOAALINM K JIM3HUCY KIETOK.
DeHOMEH THITOTOHUYECKOTO TEMOJTH3a SPUTPOIIUTOB,
a TaK)ke BO3MOXKHOCTH €0 IPEAO0TBPAIIEHNUS U3yUESHBI
nocratouHo [12, 13, 16, 25]. B To ke BpeMs runepro-
HUYECKUH JTM3UC MPAKTUIECKH HE U3YUeH, XOTS TPe-
CTaBIISICT 3HAYUTEIBHBIA HHTEPEC I KPHOOHOIOTHH.
B mpouecce 3aMopakuBaHus KIETOYHBIX CYCIIEH3UN
KJIETKHU BBITECHSIOTCS pacTYLIMMH KPUCTAJUIAMU JIbJ1a
B MHUKpO(]as3bl, € JOCTUraIOTCA BBICOKHE KOHIICHT-
panuu conu nopanka 3—4 M [22], B To BpeMs Kak

MHCTUTYT NpobAeM KPUOOMOAOTUM U KPUOMEANLIMHBI
HAH YkpauHbl, r. Xapbkos

* Aapec aAaa koppecrioHAeHuuu: yA. Nepescaasckas, 23,
r. Xapbkos, YkpanHa 61015; Tea.: (+38 057) 373-41-35, cpakc: (+38
057) 373-30-84, anekTpoHHas nouta: cryo@online.kharkov.ua

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N24

Erythrocyte feature is a high sensitivity to a change
in medium osmotic conditions. Both decrease in saline
concentration and its increase in the incubation medium,
compared to the physiological norm, are accompanied
with membrane damage, resulting in cell lysis. The
phenomenon of erythrocyte hypotonic hemolysis, as
well as the possibilities for its prevention are well studied
[12, 13, 16, 25]. At the same time a hypertonic lysis is
practically unstudied, although being of great interest
for cryobiology. During cell suspension freezing, the
cells are pushed out by growing ice crystals into the
microphases, where the high saline concentrations of
about 3—-4 M are achieved [22], meanwhile a
spontaneous erythrocyte hemolysis is in progress when
getting the 2.7 M threshold saline concentration in the
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CIIOHTaHHBII TEeMOJIN3 SPUTPOILIUTOB PA3BUBAETCS IIPH
JOCTHKEHHUHU MTOPOTOBOI KOHIIEHTPAIMH COJIU B CPENie
2,7 M [3]. IlonaratoT, 4TO THOEPTOHUYECKUM CTpecc
SIBIISIETCA OJHUM M3 OCHOBHBIX (DAKTOPOB KPHOIIOB-
pexneHus [22]. 3To N03BOSIET UCIOIb30BATH IEPEHOC
SPUTPOLIUTOB B BEICOKOKOHIIEHTPHUPOBAHHBIE COJIEBBIC
PacTBOPHI MPH MOJIOKUTENBHBIX TEMIepaTypax Ajs
MOJEIUPOBaHUs CUTYyallul, UMEIOLEH MECTO NMpHU
3aMOpaXKMBaHWHU, W MOMCKA CIIOCOOOB MpeaoTBpa-
LIEeHHS TOBPEKICHNS KJIETOK. J[aBHO 00HapyKeHHBIN
(heHOMEH THIEPTOHHUYECKOTO XOJOJO0BOTO IIOKa
(oxmaxkeHne 3HAYNTENbHO 00€3BOXKEHHBIX IPUTPO-
uutoB oT 37 10 0°C) 10 CBOMM TIPOSIBIICHUSM TaKXKe
BecbMa OJIM30K K IPOIieccaM, BBI3BIBAIOIINM MTOBPEXK-
JICHHE KJIETOK IPH 3aMOpakuBaHuH [9].

AmpudupHbIE COEUHEHNS CIIOCOOHBI OKa3bIBATh
MPOTEKTUPYIOWHUH 3G (EeKT Mpu pa3nMuHBIX BHIAAX
cTpecca sputponuTos [ 3, 5, 10, 26]. TlonpoGHO ncce-
JIOBaHa aHTHTEMOJUTHYECKAs! aKTUBHOCTH OOJIBILION
rpynmnsl aMmGu@uIOB NPU THIIOTOHHYECKOM JIH3HCE
3pUTpOUXTOB uenoBeka [ 13, 16]. 3amuTHsIi 23pdexT
HEMOHHBIX aM(UPIITHHBIX COSAMHEHUH BBISIBIICH MIPH
nr3uce, MHAYIUPOBAHHOM yibsTpa3Bykom [10]. B
YCIIOBUSIX THIIEPTOHUYECKOTO JIN3KCA ¥ THIIEPTOHIYEC-
KOTO XOJIOJTOBOTO IIIOKA 3PUTPOIIMTOB HE TOIHKO YeII0-
BeKa, HO M JKUBOTHBIX OTMe4YeHa BbhIcokas dddek-
TUBHOCTb pAga aMPpu(UIbHBIX COETUHEHUH, OTHOCS-
LUXCS K pa3IMyHbIM KiaccaMm [3, 5].

OO65b14HO pacTBOpUMBIE aM(UUIIBI TPH BEICOKUX
KOHLICHTpAlMAX (Ha ypOBHE KPUTHUECKOM KOHLIEHTpa-
L1 MULIEJUIO00PA30BaHMUS U BBILIE) UCTIONIB3YIOT LIS
comobunuzanyu MmeMOpat [24]. IIpr HU3KUX KOHIICHT-
palMsax 3TH BEIECTBAa MOTYT OKa3bIBaTh BIMSHHUE Ha
MeMOpaHHO-CBSA3aHHBIE PYHKINHU Pa3IAIHBIX KIIETOK
[14], a Tax>ke 3anIUIIaTh UX OT MTOBPEXKICHUS B YCIIO-
BHSIX Pa3IUYIHBIX BUIOB cTpecca [5, 10, 27].

Mortekyibl aMQUUILHBIX COSTUHEHUH CONlepKAT
OTYETJIMBO BBEIPAKEHHBIE TUAPOPHIBHBIE (MTOJSIPHBIC)
u tuapodobHbie YacTu. Mcnonb3oBaHWE TOMOJIOTH-
4eCcKoro psizia aMpuUIbHBIX BEIECTB, Y KOTOPBIX IIPH
HEU3MEHHON THIPOQUIBHON YacTH YBEIMYNUBACTCS
JUTMHA aJIKWIIBHOM LIETH, TI03BOJISIET OLICHUTH 3HAYCHHUE
COOTHOILEHUS TUAPOPUIBHOCTH U TUAPO(HOOHOCTH B
MPOSIBJICHUH aHTUTEMOJIUTHYECKOTO 3 (peKTa 3TUX
MOJIEKYJI.

Lenb paboThl — M3y4YeHHE 3AIUTHOTO dPPeKTa
[pe/CTaBUTeNIeH TOMOJIOTHYECKOro psijia ankmi-f3,D-
[JIIOKOMTHPAHO3UI0B, OTHOCAIINXCS K HEHMOHHBIM
cypdakTanTam, B YCIOBHSIX THIIEPOCMOTHYECKOTO H
XOJIOIOBOTO CTpecca IPUTPOILIUTOB YEIOBEKA.

Marepuanbl n metoanl

Iexcui-B,D-mrokonupano3u 1, OKTuII-3,D-rioko-
nupaHo3ua u aeuui-B,D-rmokonupano3ua ObLu
nonyueHsl oT ¢pupmsl Calbiochem (CIIA). Bcee
UCHOJb3yeMble aM(UUIbHBIE U OPYTHUE PEaKTHBBI
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medium [3]. Hypertonic stress is believed to be one of
the principal factors of cryodamage [22]. This enables
using the erythrocyte transfer into high-concentrated
salines under positive temperatures for modelling the
situation, occurring under freezing, and searching for
the ways of cell damage prevention. Long ago found-
out phenomenon of hypertonic cold stress (cooling of
highly dehydrated erythrocytes from 37 down to 0°C)
by its manifestations is closely approximating to the
processes, damaging cells under freezing [9].

Amphiphilic compounds are capable to cause a
protective effect under different types of erythrocyte
stress [3, 5, 10, 26]. Antihemolytic activity of a lot of
amphiphiles under hypotonic lysis of human erythro-
cytes was studied in details [13, 16]. Protective effect
of non-ionic amphiphilic compounds was revealed
under ultrasound-induced lysis [10]. Under hypertonic
lysis and hypertonic cold stress not only of human
erythrocytes, but animal ones as well, there was noted
a high efficiency of some amphiphilic compounds,
referred to different classes [3, 5].

Soluble amphiphiles under high concentrations (at
the level of critical micelle concentration and higher)
are usually used for membrane solubilisation [24].
Under low concentrations these substances may affect
the membrane-bound functions of different cells [ 14],
as well as protect them against damages under various
stresses [5, 10, 27].

Molecules of amphiphilic compounds comprise the
distinctly manifested hydrophilic (polar) and hydropho-
bic parts. The usage of homologous series of amphi-
philic substances, in which under unchanged hydrophilic
part there is an increase in alkyl chain length, enables
to estimate the value of hydrophilicity and hydropho-
bicity ratio in manifestation of antihemolytic effect of
these molecules.

The research aim is to study a protective effect of
representatives of alkyl-B,D-glucopyranoside homolo-
gous series, referred to the non-ionic surfactants, under
hyperosmotic and cold stresses of human erythrocytes.

Materials and methods

Hexyl-B,D-glucopyranoside, octyl-f3,D-glucopyra-
noside and decyl-B,D-glucopyranoside were obtained
from Calbiochem Company (USA). All the used amphi-
philic and other reagents were of “chemically pure”
grade. Stock solutions of hexyl-, octyl- and decyl-f3,D-
glucopyranoside contained 1.61, 0.268 and 0.022 M,
correspondingly.

Erythrocytes were derived from donor blood of
group A. After plasma removal the erythrocytes were
twice washed-out with isotonic saline (0.15 M NacCl,
0.01 M phosphate buffer, pH 7.4) and preserved as a
dense sediment not more than 2 hrs at 0°C. All the
media were prepared with 0.01 M phosphate buffer,
pH 7.4.
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Obutn kBanmuukanuu “Xx. 4.”. CTOKOBBIE PacTBOPHI
reKCcHi-, OKTWI- U jaeuui-f,D-riokonupanosuia
conepxamu 1,61, 0,268 1 0,022 M cOOTBETCTBEHHO.

OPUTPOIUTHI TIOTYYaId U3 TOHOPCKOH kpoBu 11
rpynmnsl. [locne ynaneHus miasMbl SpUTPOLUTHI IBaXK-
Ibl OTMBIBAJIM M30TOHUYECKUM COJIEBBIM PacTBOPOM
(0,15 M NaCl, 0,01 M docdarusrii 6ydep, pH 7,4) u
XpaHWIU B BUJIE TUIOTHOTO ocajika He Ooiee 2 1 mpu
0°C. Bce cpenst roroBwn Ha 0,01 M dochaTtHOoM
oydepe, pH 7.,4.

l'unepocMoTHYECKUI MIOK OCYIIECTBIISUIN Clle-
OyIoImuM 00pazoM. [0TOBHIIN CTOKOBYIO CyCHIEH3HUIO
SPUTPOLUUTOB (TeMaTOKPUT 7%). AIIMKBOTHI KIJIETOY-
HOH CyCIIEH3UH IEPEHOCHIIN B IPOOUPKH, COAEpKAIINe
1 M1 4,0 M NaCl u pa3nuyHble KOHIIEHTPALIUU aJTKUII-
B,D-mmokonupano3ua0B. MHKYOAIHO POBOIMIHA [IPH
37°C B TeueHHUe 5 MUH.

Ipu x0mo0BOM IIOKE KJIETKH MHKYOHpoBaiu 10 MuH
B cpeze, cogepxameit 1,2 M NaCl, nmpu remneparype
37°C, a 3aTem nepeHocwir Ha 10 MUH B cpensl TOH
K€ TOHMYHOCTH, COZIeprKalllue pa3InyHble KOHIICHT-
patn ankui-3,D-DIoKONHPaHO3UI0B U HMEOLIHE
temmepatypy 0°C.

Koneunast KOHIIEHTpaIus KJIETOK BO BCEX OIHMCAH-
HBIX 3KcrepuMeHTax Obu1a (3,0-3,2)x107 kneTok/Mi
(remaroxput 0,3%).

ITocne omucaHHBIX BBINIE BO3NEHCTBUH IlEJIbIE
KIIETKH OCaXJAII IEHTPUPYTHPOBAHUEM H CIIEKTPO-
(hoTomMeTpHUUEeCKH NPH JUTMHE BONHBI 543 HM ompene-
TN KOJIMYECTBO reMoriaoOnHa B CyNepHaTaHTe.
Brixon reMorino6mHa U3 KJIETOK BBIpaXKail Kak Ipo-
ment ot 100 % remoimsa.

AHTHTEMOUTHYECKAs] aKTUBHOCTD aJIKMWJIIIIIOKO-
nupano3una (A7) mpencraBieHa BEIHMYUHOU (B
MIPOIEHTAX ), KOTOPAs XapaKTepU3yeT CHIKEHHNE TeMO-
JIU3a KJIETOK B MPHICYTCTBUH BEIIECTBA IO OTHOIICHUIO
K reMonusy B npoOe, He conepxamieit ampudu [5].
B xauectBe miaro paccmarpuBaeTcsi 00JacTb KOH-
LIEHTpalliii BEIIECTBA, MPU KOTOPHIX HAONIOJAeTCs
MUHUMAJIbHBIN T€MOJIN3 3PUTPOIUTOB. 3HAYCHUS d(h-
(heKTHBHO KOHIICHTpAIUN (KAF Wc) —9TO KOHLIEHTPa-
LIMU BEILIECTBA, COOTBETCTBYIOIINE CEPEANHE IIIATO.

OKCIIepUMEHTATBFHBIE PE3YIBTaThl IPEACTABICHBI
Kak cpeniHee apuMeTHIECKOe & CTaHAapTHas onIno-
Ka cpenHero. MccnenoBanu spuUTPOLUTEl KPOBU HE
MeHee 6 JOHOPOB B 2 mapajuiesIbHBIX Tpodax. AHaIN3
pPE3yAbTaTOB MPOBOAUIH C IMOMOUIBIO KPUTEPUA
Masnna-Yurnau (Statgraph for Windows).

Pe3yAbTaThl M 00CyXXAeHHe

[Ipu nepeHeceHnH SPUTPOLIUTOB YEJIOBEKA B CPELY,
coxepxarnryto 4,0 M NaCl, kJ1eTKy TOBpPEeXKIat0TC 1
reMOJIN3 B 3aBUCUMOCTHU OT TEMIIEPaTyPhl JOCTUTACT
70-90% [3]. Ans uccneqoBaHus BAUSHUS IpeacTa-
BHTEJICH TOMOJIOTHYECKOTO Psi/ia MPOU3BOIHBIX IITHO-
KOIKMPAHO3HUa Ha 3PUTPOLIMTHI YeJOBEeKa B yCJIO-
BHSIX THIIEPTOHUYECKOTO BO3ICHCTBHUS UCIIOIb30BAIN
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Hyperosmotic stress was realised as follows. There
was prepared the erythrocyte stock suspension (7%
hematocrit). Cell suspension aliquots were removed
into the vials with 1 ml 4.0 M NaCl and differently
concentrated alkyl-f3,D-glucopyranosides. Incubation
was performed at 37°C within 5 min.

Under erythrocyte cold stress the cells were
incubated for 10 min in the medium, containing 1.2 M
NaCl at 37°C, then transferred for 10 min into the
media with the same tonicity, comprising differently
concentrated alkyl-B,D-glucopyranosides with 0°C
temperature.

Final cell concentration in the all described experi-
ments was (3.0-3.2)x107 cells/ml (0.3% hematocrit).

After the described above effects the integral cells
were precipitated by centrifugation and hemoglobin
amount in a supernatant was spectrophotometrically
determined at 543 nm wavelength. Hemoglobin release
out of cells was expressed as the percentage of 100%
hemolysis.

Antihemolytic activity of alkyl glucopyranoside
(4G) is represented by the value (in percentage),
characterizing a decreased cell hemolysis in the sub-
stance presence in respect to hemolysis in the amphi-
phile-free sample [5]. As a plateau there is considered
the area of substance concentrations, when the mini-
mum erythrocyte hemolysis is observed. The values
of efficient concentration (CAG, ) are the substance
concentrations, corresponding to the plateau midpoint.

The experimental results are presented as the arith-
metic mean + the standard error of mean. Erythrocytes
of at least 6 donors were studied in 2 parallel tests.
The results were processed with the Mann-Whitney
test (Statgraph for Windows).

Results and discussion

When transferring human erythrocytes into the
medium with 4.0 M NaCl the cells are damaged and
hemolysis achieves 70-90% depending on the tem-
perature [3]. In order to investigate the effect of repre-
sentatives of homologous series of glucopyranoside
derivatives on human erythrocytes under hypertonic
effect we used the alkyl glucopyranosides with alkyl
chain length of 6, 8 and 10 carbon atoms: hexyl-, octyl-
and decyl-B,D-glucopyranosides (hereinafter referred
as HGP, OGP and DGP, correspondingly). Concentra-
tion dependencies of nonionic amphiphilic effect on
the level of erythrocyte hypertonic hemolysis at 37°C
are represented by the curves 1 in Fig. 1. Adding the
alkyl-B,D-glucopyranosides into the medium with 4.0 M
NaCl allows a significant reduction of cell lysis level.
The dependencies are of turned-over bell shape: with
an increase in amphiphilic concentration in the medium,
there are first observed a decrease in hemolysis level,
approaching the plateau, then the augmentation of cell
damage level, moreover the latter is associated to
amphiphilic detergent effect.
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ANKHITTIOKOTIMPAHO3UABI C ATUHON alKHIBHON LEeTH
6, 8 u 10 yrmepoaHbIX aTOMOB: F€KCHJI-, OKTHJI- U
neuwni-B,D-rurokonupanosunos (manee I'TTI, OT'TI
u JII'TI coorBeTcTBeHHO). KOHIIEHTpaIIMOHHBIE 3aBH-
CHUMOCTH BITUSTHHS HEMOHHBIX aM(pu(HIoB HAa ypPOBEHB
TUNEPTOHUYECKOTO TeMOJIN3a IPUTPOIUTOB IpHU
temmneparype 37°C mpencTaBieHbl KpUBBIMH 1 Ha
puc. 1. Jlo6aBnenwue ankui-f3,D-TIFOKONMMPaHO3UI0B B
cpeny, congepxkantyto 4,0 M NaCl, mo3BomnseT cymiect-
BEHHO CHU3UThH YPOBEHB JIM3HCA KIIETOK. 3aBUCIMOCTH
HMEIOT TIePEBEPHYTYIO KOJIOKOI000pa3Hyto Gopmy: 1Mo
Mepe IOBBIIIIEHHs] KOHIIEHTpAuU aM(QUPHIIOB B Cpefie
HaAOJIIONAI0TCS CHAaYaIa CHIKEHUE YPOBHS FeMOJIn3a,
BBIXOJ] Ha IJIaTo, a 3aTE€M YBEIMYEHUE YPOBHS IOB-
pPeXIOeHUs KIIETOK, MPUYEM MOCIEeTHEE CBSA3AHO C
JeTepreHTHhIM 3P deKTOM aMPUPHIOB.

XO000BOH IIOK 3pUTPOLUTOB YEIOBEKA Pa3BU-
BaeTCs MPHU OXJAXKJICHUHU KIETOK, HAXOISIIUXCS B
THITEpTOHUYECKOM cpeze [8]. D heKT X0I010BOr0 MoB-
pPeXAEHUS 3TUX KJIETOK MaKCHMaJbHO BBIPAXKEH B
cpene, conepxaimeit 1,2 M NaCl [4]. [Toatomy B
HAalIMX 3KCIIEPUMEHTaX 3PUTPOLUTHI IOMELIAIN B
1,2 M NaCl mpu 37°C, a 3aTeM NIepeHOCHIIN HX B CPEILy
TOH kK€ TOHWYHOCTH, UMEIOITyro Temmneparypy 0°C.
Taxkast mocTaHOBKA SKCIIEPUMEHTA TI03BOJISET MAKCH-
MaJbHO ITOBBICUTH CKOPOCTH OXJIAXKICHUS KIIETOYHON
CYCIICH3HH, a TaKXKe H3YUHTh JeiicTBue aMPuduion
Ha 3Tane OXJaXIEHUS KJIETOK, KOTIa 3PUTPOLUTHI
MEPEHOCAT B OXJIaXIeHHbIH pacTBop 1,2 M NaCl, B
KOTOPHBIN yke JT0OaBIEHO MCCIEIyeMOe BEIIeCTRBO.

3aBHCHMOCTH YPOBHS XOJIOA0BOTO FeMOJTN3a IPUT-
POLIMTOB OT KOHIICHTPAIMH aIKUI-[3, D-TIIFOKOMpaHo-
3WJIOB IPENICTaBICHBI KpUBLIMU 2 Ha prc. 1. Kak BugHO,
BCE HCCIIeIyeMbIe BemecTBa 3(PPEKTHBHO 3aNTUINAIOT
KJIETKU TIPU XOJIOA0BOM IIOKE, OTHAKO B O0Jiee BBICO-
KHX 10 CPAaBHEHHUIO C THIIEPOCMOTHYECKUM IIOKOM
KOHIIeHTparusx. CieayeT OTMETHTD, YTO ITPH UCTIOIb-
3oBaHuu 1T B BHICOKMX KOHLIEHTPALHSIX, [IPEBBIIIAI0-
mux 0,13 MM, HaOmIOAaeTCsl OMAIECIICHITUS PACTBO-
pog, coxepxkaniux 1,2 M NaCl npu 0°C, mosToMy He
yIIaJI0Ch TMOIYYUTh TUIMUYHYIO KOJIOKOJIOOOPa3HYIO
(hopMy KOHIIEHTPALIMOHHON 3aBUCUMOCTH (puc. 1, B,
KpuBasg 2).

BamuTHOE JeiicTBUe ankui-PB,D-riokonupano-
3HJIOB MTPH XOJIOAOBOM IIOKE 3PUTPOITUTOB OTMEUYALT-
cs1 B 0oJIee MUPOKOM KOHIIEHTPAITMOHHOM JTHara3oHe,
KOTOPBIH JIEKUT IpaBee KOHIIEHTPAIHOHHOTO ONITHMY-
Ma JIJIsl THIIEPOCMOTHYECKOTO JTN3Kca KIETOK (puc. 1).

W3 nony4eHHBIX KOHIIEHTPAITMOHHBIX 3aBUCHMOC-
Tel TUTIEPTOHNYECKOTO TeMOJIH3a 1 XOJIOI0BOTO IIOKa
SPUTPOIIUTOR YeoBeKa (puc. 1) ObUTH ompeaeaeHbI
BEJIMYMHBI MAaKCUMaJTbHOW aHTUTEMOJUTHYECKOMN
aKTUBHOCTH IJIIOKONMPAHO3UI0B (A", ), KOHIEHTpa-
LMW BELIECTB, MPU KOTOPHIX HAaOIIOZAaeTCs] MaKCH-
MaJlbHas U MoJyMakcumanbHas (A7) aHTureMou-
THYECKas aKTUBHOCTh aMpudunos (KAI' wn KAI'
COOTBETCTBEHHO) (Tadum. 1).
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Puc. 1. KoHiieHTpanimoHHbIe 3aBUCUMOCTH BIMSHUS aJIKUJI-
B,D-raokonupaHo3ugoB Ha TeMOJIU3 3PUTPOLUUTOB B
YCIIOBUSAX THIIepocMoTHYecKoro (1) n xoromoBoro (2) moka:
a—TTII; 6 OI'Tl; B — AL

Fig. 1. Dose-responce curves of alkyl-§,D-glucopyranosides
influence on erythrocyte hemolysis under hyperosmotic (1)
and cold (2) stresses: a— HGP; b— OGP; c — DGP.
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Taonaunua 1. BennuuHe! MakcHMaTbHON aHTUTEMOIMTHYECKOH aKTUBHOCTH (%) M KOHIICHTPAIlUH
ankwi-f3,D-riokonupano3unos (MM), COOTBETCTBYIOIIHE MAKCUMATBHOMN H IOTYMAaKCHMAaJIbHOW IIPOTEKIA
SPUTPOLUTOB B yCIOBHUSIX THIIEPOCMOTHYECKOTO 1 XOJI0I0BOTO IIIOKa

Table 1. Values of maximum antihemolytic activity (%) and alkyl-3,D-glucopyranoside concentration (mM),
corresponding to the maximum and half-maximum erythrocyte protection under hyperosmotic and cold stresses.

T'unepocMOTUYECKUH IIOK XOAOAOBOM IIIOK
Hyperosmotic stress Cold stress
BemrecrBa
Substances
Makc MaKc Hay. TAATO KAFSO Armﬂkr KArMBK(‘ KArnau TIAGTO KAFSO
CAG CAG | u v CAG CAG CAG CAG
max max plateau beg. 50 max max plateau beg. 50
Lob 90 = 7+ 13 10 91 = 7+ ) 36 12,1
oo 94 = 5+ 1 0,85 0,37 90 = g+ 2,63 215 0,87
A 94 = 5+ 0,1 0,08 0,019 94 = 5 - 0,132 0,023

Tpumeuanue: pasInyKs MEKLY BEIMYMHAME HeL0CTOBEPHBI (p < 0,01): * — pH rUIepoCMOTHYECKOM JIM3UCE;  — XOJI0I0BOM TIIOKE.
Notes: differences between values are not statistically significant (p < 0.01): * — under hyperosmotic lysis; * — under cold stress.

KonmnenTparst, mpu KOTOpOi HAOIIOMaeTCs MAKCH-
MajpHasi MPOTEKIUs KJIETOK B YCIIOBHUSAX CTpecca,
ompexaensiercss Kak d3pHeKTHBHAS KOHIEHTpAIUS
amdudua, COOTBETCTBYIOIIAS CEpEINHE IIaTO KOH-
LEHTPALOHHOM 3aBUCUMOCTH. TaK KakK [Py X0JI0J0BOM
moxke ans JAI'TI us-3a pazsutus npouecca MULEIIIO-
oOpasoBaHus B cpene, conepxaieit 1,2 M NaCl mpu
0°C, nnaTo He OBUTO TOCTUTHYTO, TO B Tabia.1 npex-
CTaBJICHBl M 3HAYCHHs] KOHLICHTPALUH TOMOJIOTOB,
KOTOpBIE COOTBETCTBYIOT Hadaiy mwiaro (KA

CnenyeT OTMETUTh, YTO KOHIICHTPAIUH AJTKHII-
B,D-TIIOKOTMPAaHO3UIOB B Cpejie, IPH KOTOPOi
BEI[ECTBA 3AIUIIAIOT KIETKH OT THIIEPOCMOTHYEC-
KOTO IOBPEXICHUSI U XOJIOIOBOTO MIOKA, CHIKAIOTCSI
C POCTOM JUIMHBI aJKWIbHOHM nenu B psany I'TTI >
OI'Tl > AT'TI. KoHueHTpanuy roMojaoroB IFOKOIHU-
paHo3u A, IPH KOTOPBIX HAOMIOAAETC MaKCUMaIbHAST
3alUTa KIETOK OT THIEPOCMOTHYECKOTO JIN3HCA H
XOJIOZIOBOTO LI0KA, C YAJTMHEHUEM aJIKUIbHON LIeTIH Ha
kaxaple a8e CH,-rpynmbl cHuxaroTcs Oonee 4eM B
10 u 15 pa3 cooTBeTcTBeHHO (Tabxd. 1).

XapakTepHasi 0COOEHHOCTh CTPOCHHUSI MOJIEKYI
aM(puPHUIHHBIX BEIECTB — HATMYKNE B UX COCTABE I0-
JsIpHOH (THApO(UITBHO#) 1 HEMONPHOH (TH PO OOHOI)
yacteil. [lpu onpeneneHHoO KOHUIEHTpanuu aMmpu-
(WIBHBIX BEIIECTB UX MOJIEKYJIBI COOMPAIOTCS B MU-
nesuibl. TepMoJMHAMUYECKONW NBUXKYUIeH cuiioi
MHIENT000pa30BaHus SBISIOTCA ruapodoOHbIe
B3aMMOAEUCTBHSA: YIIICBOAOPOAHAS YaCTh aM(DUPUIIb-
HOW MOJIEKYJIbl BBITAJIKUBACTCS U3 BOIHOW CpEIbl, B
pe3ynbTare 4yero 00paszyroTcs MULIEIUIBI, BHY TPEHHSIS
4acTh KOTOPBIX COCTOUT M3 YIJIEBOAOPOAA, & BHELIHSIS,
oOpalieHHasi K BOAHOMY PacTBODPY, — U3 IOJIAPHBIX
rpymnmn. Kornentpanun ampuuibHBIX BEIIECTB B
pacTBope, MpU KOTOPBIX 00pa3yroTcs B 3aMETHBIX
KOJIMYECTBaX yCTOWYMBBIE MHIEIIbI, HA3BIBAIOT
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Cold stress of human erythrocytes is in progress
under cooling of cells, being in hypertonic medium [8].
The effect of cold damage of these cells is maximally
manifested in the medium with 1.2 M NaCl [4]. There-
fore in our experiments the erythrocytes were placed
into 1.2 M NaCl at 37°C, then transferred into 0°C
medium with the same tonicity. Such experiment per-
formance enables the maximum augmentation of cool-
ing rate of cell suspension, as well as the study of
amphiphile effect at the stage of cell cooling, when
erythrocytes are transferred into the 1.2 M NaCl cooled
solution, where the studied substance has been already
added.

Dependencies of erythrocyte cold hemolysis level
on alkyl-f,D-glucopyranoside concentration are pre-
sented by curves 2 in Fig. 1. Asitis seen, all the studied
substances protect efficiently the cells under cold
stress, but under higher concentrations, compared to a
hyperosmotic stress. Of note is the fact, that when
using highly-concentrated DGP, exceeding 0.13 mM,
there is observed the opalescence of solutions,
containing 1.2 M NaCl at 0°C, therefore we did not
manage to obtain a typical bell shape of concentration
dependency (Fig. 1, ¢, curve 2).

Protective effect of alkyl-B,D-glucopyranosides
under erythrocyte cold stress is noted in a wider con-
centration range, being situated to the right of the con-
centration optimum for cell hyperosmotic lysis (Fig. 1).

Proceeding from the concentration dependencies
of hypertonic hemolysis and cold stress of human
erythrocytes (Fig. 1) we determined the values of
maximum antihemolytic activity of glucopyranosides
(4G, ), concentrations of substances, when the maxi-
mum and half-maximum (4 G,,) antihemolytic amphi-
phil activities were observed (CAG, and CAG,,
correspondingly) (Table 1).
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KPUTHUYECKOH KOHIIEHTpalnel MULIEIII000pa30BaHus
(KKM). Benuuunasl KKM ampuduiaoB 3aBUCIT OT
JUTMHBI aJIKUJIBHON LIENH U CYIIECTBEHHO CHIKAIOTCS
¢ ee poctoM [1,6].

UzBectHO, uTo 3aBUCHUMOCTD /g(KKM) B romoro-
THYHBIX PsIaX pa3HbIX JETEPreHTOB OT YHCIa aTOMOB
yIieposa B UX aJKWIbHOW LIENH UMEET JTMHEHHBIN
xapakrep [1, 6]:

Ig(KKM) = A — Bn, (1)

[J€ # —YMCJI0 aTOMOB YIVIEpOJa B alKWJIBHOU LIEMH
am¢uUIBHBIX BelecTB; A U B —KOHCTaHTHI. B coot-
BETCTBHH C PU3UUECKUM CMBICIIOM BEJIMYHHA B — 3TO0
cBOOO/IHAS YHEPTUS MULIEII000pa30BaHUs, MPUXOIS-
masics Ha | atoMm yrnepoga (Ha | METHJICHOBYIO
IpyIIy), CBsI3aHHAS C IEPEHOCOM MOJIEKYIIBI Cypdak-
TaHTa U3 UCTUHHOTO pacTBOpa B MUIIEIUIHI.

3apucumoctb KKM ankui-f,D-riokonupaHo-
3UJI0B OT AJMHBI aJKWIBHON LENU # MPEJCTaBIICHA
npsiMoii 1 Ha puc. 2 B monmynorapuMuIeckux Koop-
nuHatax (BenmuauHbl KKM B3sTHI 13 paboTh [6]). B
TeX )K€ KOOPAMHATAX MPEACTABIECHBI ISl THIIEPOCMO-
TUYECKOTO ¥ XOJIOA0BOTO IIIOKa SPUTPOIIUTOB 3aBHCH-
MOCTH KOHIIEHTPAIU{ aJKWITITIOKOTHPAHO3UI0B,
COOTBETCTBYIOUINX Ha4daIly IJIaTo, U JIIsl THIIEPOCMO-
THYECKOT0 JIN3MCAa IPUTPOLUTOB — 3aBUCUMOCTH
3¢ PEeKTUBHBIX KOHIEHTPALUI OT YHcia yIIepOIHBIX
aTOMOB B &JIKWJIBHOM LIEITH TOMOJIOTOB aJIKMIIITIOKOIH-
PaHO3U0B.

Bce npencraBineHHBIE 3aBUCHMOCTH XapaKTepHU-
3yIOTCA JINHEHHOCTBIO C BBICOKMM 3HaY€HHEM JOC-
TOBEPHOCTH amnmpokcumanuu, R = 0,999 (puc. 2).

[Ipu rumepocMOTHYECKOM JIM3UCE SPUTPOIIUTOB 3a-
BucuMocTu [g KAI'  wmlg KA, riiioKonmupaHo-
3UI0B OT JUIMHBI UX aKWJIBHOW LEMH MapajuIeIbHBI.
3TO MO3BOJIAET JOITYCTUTD, YTO P XOJIOOBOM IIOKE
NPE/ICTaBJICHHAs 3aBUCUMOCTD [g KAI'  ~— MOXeT
B OTIPEZIETICHHOM CTENEHN OTPaXKaTh XapaKTep 3aBUCH-
MOCTH 3 PEKTUBHBIX KoHLeHTpaumii (KAI™ | ) ankui-
[IIOKOTIMPAHO3HUI0B OT YMCJIa YIIIEPOAHBIX aTOMOB B
rupooOHON YaCTH MOJIEKYJIBL.

VIIbl HAKJIOHA MPSMBIX 3aBUCUMOCTEN [g KAL'
ulg KA, 1Ipu TUIIEPOCMOTHYECKOM JIU3UCE B
TOYHOCTH COBNAJAI0T ¢ ko3¢ dunuentom B B ypaBHe-
nuu (1), a3aBucumocts Ig KA njist XOIO10BO-
r'O IIOKa TaK)Ke€ UMEET HAKIIOH, OJM3KUN K BETUIHHE
B (puc. 2). D10 3HAYUT, YTO JOMUHHUPYIONTYIO POIH B
3 hekTUBHOCTH aNKuII-f3,D-TIIFOKOMUPaHO3UI0B ITPH
TUIIEPOCMOTHYECKOM JIM3UCE M XOJOJOBOM IIOKE
SPUTPOIUTOB, KaK U ITPHU MUIIEIUIOOPA30BaHIH, UTPAET
ruapoQoOHBIH 3P HEKT.

CrnenyeT OTMETUTH, YTO HA CAMOM JIEJIE€ C YBEIH-
YEHHEM OCMOJISIPHOCTHU CPEAbl HAOMIONAeTCs CHIKE-
Hue BenuuuH KKM HeunoHHBIX aetepreHtoB [30].
HUcxons u3 Toro, uro 3aBucumoctu lg KKM neuun- n
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The concentration, when the maximum cell pro-
tection under stress conditions is observed, is deter-
mined as an efficient amphiphilic concentration, corres-
ponding to the plateau midpoint of concentration
dependency. Since under cold stress for DGP due to
the micelle-formation process development in the
medium, containing 1.2 M NaCl at 0°C, the plateau
was not achieved, the Table 1 showed the values of
homologue concentrations, corresponding to the plateau
beginning (CAGPMW beg.)

Of note is the fact, that the concentrations of alkyl-
B,D-glucopyranosides in the medium, where substan-
ces protect cells against hyperosmotic damage and
cold stress, reduce with growth of alkyl chain length in
HGP > OGP > DGP series. The concentrations of
glucopyranoside homologues, when the maximum cell
protection against hyperosmotic lysis and cold stress
are observed, with alkyl chain extension by each two
CH,-groups reduce more, than in 10 and 15 times,
correspondingly (Table 1).

The feature in molecular structure of amphiphilic
substances is the presence in their composition of polar
(hydrophilic) and non-polar (hydrophobic) parts. Under
the certain concentration of amphiphilic substances
their molecules come together in micelles. Hydrophobic
interactions are a thermodynamic active force in
micelle-formation: hydrocarbon part of amphiphilic
molecule is expulsed out of aqueous medium, resulting
in micelle formation, an internal part of which consists
of hydrocarbon, but an external one, turned to an
aqueous solution, does of polar groups. The concen-
trations of amphiphilic substances in the solution, when
the resistant micelles are formed in detectable amounts,
are named as the critical micelle concentration
(CMC). The values of amphiphilic CMC depend on
the alkyl chain length and significantly decrease with
its growth [1, 6].

The dependency of /g (CMC) in homologous series
of different detergents on carbon atom number in their
alkyl chain is known to be of linear character [1, 6]:

lg (CMC)= A4 — Bn, (D)

where 7 is the number of carbon atoms in alkyl chain
of amphiphilic substances, 4 and B are the constants.
According to the physical meaning the value B is a
free energy of micelle-formation per 1 carbon atom
(per 1 methylene group), related to the surfactant
molecule transfer from a true solution into micelles.
Dependency of alkyl-B,D-glucopyranoside CMC on
the alkyl chain length # is represented by the line 1 in
Fig. 2 in semilogarithmic coordinates (CMC values are
taken from the paper [6]). Within the same coordinates
for erythrocyte hyperosmotic and cold stresses there
are shown the dependencies of alkyl-f3,D-glucopyrano-
side concentrations, corresponding to the plateau

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N24



100

KoHueHTpauus, mM
Concentration, mM

0,01 ‘ \ T

KonnyectBo atomoB
Number of atoms

Puc. 2. Tlomynorapudmuueckas 3aBucumocts KKM (1),
KOHLEHTPALMNA NpU TUrepocMoTuyeckoM moke KATL,,. u

Makc
KAT,,., im0 (2 1 3 COOTBETCTBEHHO) M XOJIOZIOBOM IIIOKE

' aunmamo (4) OT UHCJIA YTIICPOAHBIX ATOMOB B JIKMIIBHOM
ey ankwi-3, D-III0KOMMPaHO3K/I0B.

Fig. 2. Semilogarithmic dependency of CMC (1), concentra-
tions under hyperosmotic stress of CAG,,,, and CAG ;0 pes.
(2 and 3, correspondingly) and cold stress of CAG.,

lateau beg.
(4) on a number of carbon atoms in alkyl chain of alkl})/lt-B,Dg-

glucopyranosides.

JOJELUIMAIBTO3UAA, @ TaKXKe OKTHITITIOKOMUPAHO-
3una ot koHneHntpamuu NaCl B cpezne (Ha 0CHOBaHUU
pe3ynbratoB padotsl [30]) mapamienbHBI, MOXKHO J0-
MyCTUTh, YTO MOJOOHBIH XapaKTep 3aBUCHMOCTEH
lg KKM OoT OCMOJISIPHOCTH PacTBOpa CBOWCTBEHEH U
MIPEACTABUTEISIM TOMOJIOTHIECKOTO Psa aTKHAITITIO-
konupanosua. [IoaToMy MOXKHO TT0J1ararh, YTO BEIIH-
ynHbl KKM rekcuii-, OKTUJ- U JEeLWINIIOKOITUPaHO-
3UI0B OyIyT JOCTAaTOYHO CHHXPOHHO M3MEHSTHCS C
YBEIUYEHUEM OCMOJIIPHOCTH CPEJBbI.

AJKUITITIOKOMTUPAHO3UIbI XapaKTEPU3YOTCS BBICO-
KOU aHTUT€MONUTUYECKON aKTUBHOCTBIO, KOTOPAsi IPU
TUIEPTOHUYECKOM JIU3HUCE U XOJIOI0OBOM IIOKE SPUTPO-
uutoB mpesbimaer 90%. Ilpennonaranock, 4yTo, He-
CMOTPS Ha OTJIMYAIOIIHECS B JICCSITKU pa3 MPOTEKTH-
PYIOIIHE KOHIIEHTpaIMy aM(pu(UIBHBIX COSTMHEHHN B
BOJHBIX PAcTBOpAax, X KOHIICHTpAalMH B MeMOpaHe
NIPUMEPHO OJWHAKOBHI 11 PABHOTO IO BEIHYHHE
a¢dekra [25].

J1st mpoBepKH 3TOTO MPEATIONO0KEHUS ObLTa IIpeI-
MPUHATA MONBITKA OLEHUTHh BEIIMYUHY R, PaBHYIO
KOJTMYECTBY MOJIEKYJI JINTIKA, IpUXoAsieMycs Ha 1
MOJIEKYJTy N€TEPIeHTa, NpH MakCMManbHOH (A7, )
U TIOJyMaKCUMANbHOU (A7) 3aluTe KIETOK Npu
Pa3IUYHBIX TUMAaX Jn3uca. s 3Toro HeoOXOMUMBI
3HaYCHUS KO PUITUSHTOB pacTpe/IeNICHAs (Kp) AJIKUII-
DIIOKOTIUPAHO3HUIOB B cucTeMe MeMOpaHa-poga. K
COXKJICHUIO, IOCTYTHA ObLIa JINIIH BeMn4rHa ko3 du-
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beginning, and for erythrocyte hyperosmotic lysis there
is the dependency of efficient concentrations on a
number of carbon atoms in alkyl chain of alkyl glucopy-
ranoside homologues.

All the presented dependencies are characterised
by the linearity with a high value of statistical signi-
ficance of approximation, R = 0.999 (Fig. 2).

Under erythrocyte hyperosmotic lysis the depen-
dencies of Ig CAG,  and /g CAG o b OF glucopy-
ranosides on the length of their alkyl chain are parallel.
This enables admitting the fact, that under cold stress
the presented dependency of /g CAG 0 pe, MAY N
a certain extent reflect the dependency character of
efficient concentrations (CAG, ) of alkyl glucopyra-
nosides on a number of carbon atoms in hydrophobic
part of molecule.

The slope angles of lines of Ig CAG,  and
lg CAGPWW bes. dependencies under hyperosmotic
lysis coincide precisely with the coefficient B in the
equation (1), but the Ig CA G asean beg dependency for
cold stress has also the slope, being close to the value
B (Fig. 2). This means, that a hydrophobic effect plays
a dominating role in the efficiency of alkyl-B3,D-
glucopyranosides under hyperosmotic lysis and cold
stress of erythrocytes and micelle-formation as well.

Of note is the fact, that indeed with an increase in
medium osmolarity there is observed a decrease in
CMC values of non-ionic detergents [30]. Proceeding
from the fact, that the dependencies of /g CMC of
decyl- and dodecyl maltoside, as well as octyl gluco-
pyranoside on NaCl concentration in the medium (ba-
sing on the research results [30]) are parallel, we may
admit the similar character of [g CMC dependencies
on solution osmolarity to be inherent to representatives
of alkyl glucopyranoside homologous series as well.
Therefore we may suggest, that the CMC values of
hexyl-, octyl- and decyl glucopyranosides will change
quite synchronously with medium osmolarity rise.

Alkyl glucopyranosides are characterized with a
high antihemolytic activity, exceeding 90% under hyper-
tonic lysis and cold stress of erythrocytes. One assu-
med, that in spite of differing in tens times protecting
concentrations of amphiphilic compounds in aqueous
solutions, their concentrations in membrane were
approximately the same for the equal in value effect
[25].

In order to verify this assumption there was attemp-
ted to estimate the value R, equal to the number of
lipid molecules per detergent molecule, under the
maximum (4G, ) and half-maximum (4G, cell
protections under various lysis types. For this purpose
the values of partition coefficients (Cp) of alkyl glu-
copyranosides in the membrane-water system are
needed. Unfortunately, only the value of OGP distri-
bution coefficient in this system for vesicles from egg
phosphatidyl choline (Cp= 63 [20]) was available.
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umenTa pacnpenenenns OI'TI B aToit cucteme ais Be-
3MKYJI U3 SIMYHOTO (pochaTHanIX0NnHa (K =63 [20]).
OnHako Kak JUIsl CIIOXKHBIX 3(UPOB, TaK U mm OpyTUX
MPOU3BOIHBIX ATH(ATUIECKOTO PAda 3aBHCUMOCTH
Ig K ot uncia yriepoaHbIX aTOMOB B IKHIIbHOM e
TOMOJIOTOB /1 XapaKTePU3YIOTCS TMHEHHOCTBIO [1]:

lg Kp =A"+B’n. 2)

Kpome Toro, mist moctaTodHO GOJBIIOTO YHCIa
TOMOJIOTHYECKUX PSAJOB JIE€TEPreHTOB CYIIECTBYET
oOpaTHas 3aBUCHMOCTE Mexkay /g K n Ig KKM (c
ko3 durmentom —1), oTKyna cnez[yeT gt0 B’ = B.
Brimen3nokeHHOE MO3BOJSET IKCTPANOINPOBAThH
3aBUCUMOCTh [g K, o1 n npsMoi IMHKUEH 1l TOrO,
YTOOBI HpI/I6J'II/ISI/ITeJ'ILHO OLICHUTH KO3(PPUIUEHTHI
pactpenenenuss DGP u HGP: 730 u 5,5 cootBerct-
BEHHO.

[TockomnbKy B paboTe HCIONB30BaIl HEMOHHBIE J1e-
TEPreHTHI, TO BO BHUMaHNE He IPUHUMAIIU BO3MOXKHOE
BIIMSIHUE MOHHOM CHITBI Ha KO3 QUIMEHTHI pacpe;iere-
HUS W TIOJIaralii, 9TO JETEPreHTHl paclpenesatoTcs
TOJIEKO B JTUITUAHBIC 00acT MeMOpansl [24, 31].

J1J1s1 O1IeHKM OTHOIIEHNS KOJIMYEeCTBa JIUMUAA, IPHU-
XOJISIIIIETOCS HA MOJIEKYITy aM(U(UITEHOTO BEIECTBA
B 3pUTPOIUTApHON MeMOpane (R) ObUIH HCTIONb30Ba-
HBI CIICAYONIHE BEMUUUHbL: 5,2X107° 1 munuma/TeHs
[11], 0,658 n/mMonb — napunanbHBINA MOJISPHBIN 00BEM
JMIUIHON (a3bl SpuTpouuTapHoit MemOpansi[ 18]. [Tpu
pacuere 0ObeMa HEMOISPHOH (a3bl HCXOANIN U3 TOTO,
YTO TUIOTHOCTH Junuaa 1 r/mi [15].

[Honyuyennble BennYuHbI R U1 MAKCUMAJIBHOTO U
MOJIyMaKCHMaJIbHOTO 3alIUTHOrO 3P QeKTa amKui-
[TIOKOTIMPAHO3HIOB TSI UCCIIEAYyEMbIX THIIOB T€MO-
JIM3a SPUTPOIMTOB MPECTaBICHBI B Tabi. 2. BuaHo,
YTO MPH HCIIOIB30BAHUH AJKUII-[3,D-TIIFOKOMUpano-
3UI0B B KOHLIEHTPALHAX, IPH KOTOPBIX TPOSIBIAETCS
ux MakcumasibHas samura (A7, 90-94%), sennuu-
Ha R NEHCTBUTEIBHO MaJIO 3aBUCHUT OT AJIMHBI AJIKWIIb-
HOW Lienu 7. BenuunHe! R ipyu MakCUMaJIbHOW MTPOTEK-
uuu (A7, ) 1 U HCIIONB30BAHMU 3(P(HEKTUBHBIX
KOHLEeHTpanui coctapistor 21,0-24,1 u 6,6-9,2 nns
TUIIEPOCMOTHYECKOTO U XOJIOA0BOI0 FEMOJTN3a 3PUTPO-
LIUTOB COOTBETCTBEHHO. Beanunusl R npHu MakcH-
ManbHOU npotekuuu (417 ), HO IPU UCTIONB30BAHUM
KOHIIeHTpaImii aMm(pu(uIOB, COOTBETCTBYIOIIMX HaYa-
JIy TUTaTO, COCTABIISIIOT JJISl THIIEPOCMOTHYECKOTO JIH-
3Uca U XOJIOA0BOTO moka 26,3-28,4 u 7,7-15,8 coot-
BETCTBEHHO.

SanmrtHbIH 3Q ekt amPpudUITOB B YCIOBHUIX THIIO-
TOHHYECKOTO IIOKA YPUTPOLIUTOB N3BECTEH U ONHCAH
JUISL MHOTHX CTPYKTYPHO-Pa3HOPOIHBIX COEAMHEHUH
[12,13,16,25]. MexaHu3m, Jiexkaluii B OCHOBE aHTH-
reMoJuTH4YecKoro 3¢ dexra ampupuIOB IPU THIOTO-
HHUYECKOM CTpPECcCEe IPUTPOLUTOB, NMOJHOCTBHIO HE
BBIICHEH. Yalle BCero aHTUIeMOJIUTHYECKOE AEICT-

NMPOBJIEMbI
KPUOBMONOIrum
T. 19, 2009, N24

However for both compound ethers and other deriva-
tives of aliphatic series the /g Cp dependencies on a
number of carbon atoms in alkyl chain of homologues
n are characterized by the linearity [1]:

lg Kp =A"+B’n. 2)

In addition, for quite a big number of detergent ho-
mologous series there is an inverse dependency bet-
ween /g C and /g CMC (with coefficient —1), whence
it follows, "that B’ = B. The mentioned above enables
to extrapolate the dependency /g C vs. n by straight
line for an approximate assessment of distribution
coefficients DGP and HGP: 730 and 5.5, correspon-
dingly.

Since we used the non-ionic detergents in the work,
we did not take into account a possible effect of ionic
strength on partition coefficients and we believed, that
the detergents were distributed only into the membrane
lipid areas [24, 31].

In order to estimate the ratio of lipid number per a mole-
cule of amphiphile substance in erythrocyte membrane
(R) we used the following values: 5.2x107'* g of lipid
per ghost [11], 0.658 1/mol is partial molar volume of
lipid phase of erythrocyte membrane [18]. When
calculating the non-polar phase volume we proceeded
from 1 g/ml lipid density [15].

The obtained values R for the maximum and half-
maximum protective effects of alkyl glucopyranosides
for studied types of erythrocyte hemolysis are shown
in the Table 2. It appears, that when using alkyl-3,D-
glucopyranosides in concentrations, when their maxi-
mum protection (4G, 90-94%) is manifested, the
value R really slightly depends on the alkyl chain length
n. The values R under the maximum protection (4G, )
and when using the efficient concentrations are 21.0—

Taoauna 2. OTHOLIeHNE nnnml/aM(bI/I(bI/m B
SPUTPOIUTAPHON MEMOpaHe MPH MaKCHManbHOH (A1, )
NPOTEKIMU SPUTPOLIUTOB B YCIIOBUSX
THIIEPOCMOTHYECKOTO U XOJIOJJOBOTO IIOKA
Table 2. Lipid/amphiphil ratio in erythrocyte membrane at
the maximum (4G, ) erythrocyte protection under
hyperosmotic and cold stresses

'MnepocMOTUYECKUH 110K X0AOAOBOM 1IOK
Hyperosmotic stress Cold stress
BerrectBa
Substances
KAFA!QKC KAFH(N TAaTo KAF\MKC KArnd‘{ nAaTo
CAG CAG CAG CAG
max plateau beg. max plateau beg.
ITTI
HGP 21,2 27,6 6,6 7,7
OrITI
oGP 24,1 28,4 9,2 9,7
AT _
DGP 21,0 26,3 15,8
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BHE BEIIECTB B JAHHOM Clydae OOBSICHSIOT paciupe-
HHUEM IUTOLIaN MEMOpaHBI [TPY BCTPAUBaHUH MOJIEKYT
9TUX COEAVMHEHUH B TUIHUAHBINA OUCIION U yBEIMICHHEM
3HauYEHMsI OTHOIICHUS TUIOIIAAb TIOBEPXHOCTH/00bEM
KIIETKH, YTO TIO3BOJISIET SPUTPOLIUTY TOCTUTATh OO0ITh-
niero o0beMa B THIIOTOHHYECKOH cpejie Ipex e, YeM
OyZleT TPEBBINIEHO KPUTHIECKOe MEMOPAHHOE HATS-
xenue [25]. OgHako TOT (DakT, 9TO aHTHTEMOIUTH-
YecKasi aKTUBHOCTh aM(pU(DUIBHBIX COETUHEHUH Ha-
OmromaeTcs TakKe MPY THIIEPOCMOTHIECKOM H XOJIO-
JIOBOM CTpECCE IPUTPOLMUTOB HEMOCPEICTBEHHO B
MOMEHT JIeHICTBHS CTpeccoBOro (akropa, T. €. mepex
TeM, KaK KJIETKA HAYMHAIOT HaOyxarhb [§], cTaBUT 1mox
COMHEHHE PAaBOMEPHOCTH TAaKOT0 OOBSICHEHUS B Ka-
4YecTBEe yYHHBepcalbHOro. KpoMe Toro, Takas Touka
3peHHs MPOTUBOPEUHT JaHHBIM padort [9, 13], B koTo-
pBIX OBUIO MOKa3aHO, YTO pa3auvHble amMbu UIH,
OKa3bIBAIOIKE CYIIECTBEHHBI aHTUT€MOJIUTHYECKUM
3¢ (peKT, yMEHBIIAIOT BETHYUHY KPUTHICCKOTO Te€MO-
JUTHYECKOTO 00beMa MIT He OKa3hIBAIOT Ha Hee HUKa-
KOTO BITUSTHHSL.

W3BecTHO, YTO BCTpanBaHNE PA3INIHBIX HHOPOI-
HBIX aM(UPUIBHBIX MOJIEKYN B MeMOpaHy cliocoOHO
W3MEHUTh MOJBM)XHOCTh XHUPHOKHUCIOTHBIX LENen
aunuaoB [31], HapyMUTh TUOUIHYIO YIaKOBKY B
MeMOpaHHOM OHCIIOE U CUCTEMY BOAOPOIHBIX CBSI3EH
MEXy MOJAPHBIME TosioBamMu ¢ocomunuaos [17],
W3MEHUTH B3aMMOJICHCTBUSI Ha TPAaHULaX MEMOPaHHBIX
IoMeHOB [29] u BBI3BaTh TpaHCMeMOpaHHOE Tepe-
pacupeneneane pochomummmon [21, 23]. [lepepactpe-
nenenne aMmpupUIBHBIX MOJIEKYJl B MEeMOpaHaX TaK-
K€ MOXKET CONPOBOXAATHCA 00pa30BaHUEM TPAH3H-
TOPHBIX HEOMCIIONHBIX CTPYKTYP, KOTOpPbIE, KaK Tpe-
[0JIaraloT, MPEACTABISIIOT cCOO0H reKcaroHalbHbIE
¢asbi (H, -a3pr) Wiim MHBEPTHPOBAHHBIE MUIIEILIBI [ 7,
16].

JlaHHBIE O B3aUMOJIEHCTBUH alKuJ-PB,D-rokonu-
PaHo3u 0B ¢ OMOIOTHYECKUMH MEMOpaHaMH 1 JIUITU -
HBIMH BE3UKYJIAMH IJIaBHBIM 00Pa30M JOCTYIHBI IS
OI'TL. OTOT IETEPTEHT IMMPOKO UCIIONIB3YETCS IPH Pe-
KOHCTPYHpPOBaHUN (YHKIHMOHAJIBHBIX MEMOpaH H,
CIIeI0BaTEeNbHO, MHTEHCHBHO n3ydaercs [19, 30, 31].
OTI'Il 1 ero ToMOJOTH YMEHBIIAIOT TEMIIEPATypPy
(hazoBoro nepexoma munuAoB [28]. C momMoIsto MeTo-
na *H-SIMP criekrpockomnuu 06110 mokasano [31], uto
no6asnenue OI'll cymecTBEeHHO yBeIHMYHMBAET
(IYKTyaluio cerMeHTOB >KUPHOKHCIOTHBIX IIeTeH
(bocdonunmnoB, HAXOISAIUXCS BO BHYTPEHHEH YacTH
JUMHAIHOTO OUCIIOS, HO IIOYTH HE OKA3bIBAET BIMSHUS
Ha 00J1acTh UX HOJSIPHBIX TON0B. [lepTypOupyromuii
s ekt OI'TI oTnruaeTcs oT CTPYKTYPHO-POACTBEH-
HOTO, HO IMEIOIIETO OOJIBIITYI0 THAPODMITEHYIO TOJIOBY
MOHOJIOIEIUIIOBOTO dHUpa OKTAITHUIEHA, KOTOPHIH
BBI3BIBAET OOIIIee pa3ynopsAa0uYnBaHe Ha BCEX €ro
ypoBH:X [31].
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24.1 and 6.6-9.2 for hyperosmotic and cold hemolysis
of erythrocytes, correspondingly. The values R under
the maximum protection (4G, ), but when using the
amphiphilic concentrations, corresponding to the
plateau beginning, make for hyperosmotic lysis and cold
stress 26.3—28.4 and 7.7—-15.8, correspondingly.

Amphiphilic protective effect under erythrocyte
hypotonic stress is known and described for many
structurally heterogeneous compounds [12, 13, 16, 25].
The mechanism, being the base for amphiphilic antihe-
molytic effect under erythrocyte hypotonic stress has
not been completely studied. An antihemolytic effect
of substances in this case is mostly explained by the
membrane area extension during these compounds’
molecules building into a lipid bilayer and an increased
value of ratio of surface area/cell volume, that enables
an erythrocyte to achieve a larger volume in hypotonic
medium before a critical membrane tension will be
exceeded [25]. However the fact, that an antihemolytic
activity of amphiphilic compounds is also observed un-
der hyperosmotic and cold stresses of erythrocytes
directly in the moment of stress factor effect, i. e.
before cells begin swelling [8], puts in question the
validity of this explanation as a universal one. In addition,
this point of view contradicts the research data [9.
13], where different amphiphiles, causing a significant
antihemolytic effect, were shown to reduce the value
of critical hemolytic volume or cause no effect on it.

Building of different alien amphiphilic molecules into
amembrane is known as capable to change the motility
of fatty acid lipid chains [31], disorder a lipid package
in a membrane bilayer and hydrogen bond system
between phospholipid polar heads [17], change the
interactions at the boundaries of membrane domains
[29] and cause a transmembrane redistribution of
phospholipids [21, 23]. The redistribution of amphiphilic
molecules in membranes may be also accompanied
with forming the transitory non-bilayer structures,
which are assumed to represent the hexagonal phases
(H,, phases) or inverted micelles [7, 16].

The data about interaction of alkyl-B,D-glucopyra-
nosides with biological membranes and lipid vesicles
are mostly available for OGP. This detergent is widely
applied when reconstructing functional membranes
and, consequently, is intensively studied [19, 30, 31].
OGP and its homologues decrease the temperature of
lipid phase transition [28]. Using the ZH-NMR spectro-
scopy method there was demonstrated [31], that the
OGP adding significantly increased the fluctuation of
segments of phospholipid fatty acid chains, being in
internal part of lipid bilayer, but hardly affected the
area of their polar heads. The OGP perturbing effect
differs from a structurally related, but having bigger
hydrophilic head octaethylene monododecyl ether,
causing a total disordering at all its levels [31].
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MOXHO MoJIaraTh, YT0 MEXaHU3M aHTHTE€MOJIHTH-
YeCKOro JIeHcTBUS aMU(PHITOB TP PA3TUIHBIX THITAX
CTPECCOB SIBIISIETCS YHUBEPCAIbHBIM. [IpoTekTHpyo-
iee aerictere aMmpudUIIOB, BEPOSTHO, CBA3AHO C 00ITh-
LIMM WJIM MEHBLINM HecTleu(prIeckuM HapyLeHueM
MeMOPaHHOH CTPYKTYPBI 3PUTPOLIUTOB IIPH OBICTPOM
pacmpeneneHny aMpUGUIBHBIX MOJIEKYII B JTUITHIHOM
6ucnoe [7]. B pe3ynbrare Takoi neprypOanun MeMo-
paHHas CTPYKTypa CTAHOBUTCS OoJiee TabUIbHON, IYTO
MO3BOJISIET €W JydYllle aJanTHPOBATHCS K JICHCTBHIO
cTpecca. Mexay TeM KOHKpPETHOE MpOsIBICHUE
AQHTUTEMOJINTHIECCKON aKTHBHOCTH 3aBUCHUT KaK OT TH-
a cTpecca, Tak U OT 0COOCHHOCTeH BIUSIHUA aM(H-
(UIIBHOTO BEIECTBA HA APUTPOLIUTAPHYIO MEMOpaHY.

BbiBOADI

Hewnionnbie npon3BoaHbIE ITIOKONUPAHO3KAA IPOSIB-
JSIIOT BBICOKYIO aHTUI'€MOJIMTUYECKYIO aKTHBHOCTD
IPU THIEPOCMOTHYECKOM I'€MOJIHU3€ M XOJIOIOBOM
LIOKE 3pUTPOLUTOB. [ToKka3zaHo, 4TO JOMHUHUPYIOIILYIO
poitb B 3pheKTUBHOCTH aKuJI-B, D-IIIIOKOHpaHO3H-
J0B, KaK 1 IIpn MI/IHeJ'UIO6pa3OBaHI/II/I, urpact ruipo-
bo6HsIi 3¢ dext. Onpeneneno, uto ankmi-,D-rmoko-
MMUPaHO3UIbI TP OAVMHAKOBBIX BEJIMYMHAX aHTUT'CMO-
JIMTUYECKONM aKTUBHOCTH W 3HAYUTEIHLHO pasin4daro-
IMUXCA BOAHBIX KOHILICHTpAUAX HMCEIOT IMPUMEPHO
paBHbBIE KOHIICHTPALUU B MEMOpaHe SpUTPOLHTA.
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One may believe, that the mechanism of antihemo-
lytic effect of amphiphiles under different stress types
is a universal one. Protecting effect of amphiphiles is
probably associated to a greater of lesser non-specific
disorder in erythrocyte membrane structure under rapid
distribution of amphiphilic molecules in a lipid bilayer
[7]. As a result of this perturbation a membrane
structure becomes more labile, allowing its better adap-
tation to stress effect. However a specific manifes-
tation of antihemolytic activity depends on both stress
type and peculiarities of amphiphilic substance effect
on erythrocyte membrane.

Conclusions

Non-ionic derivatives of glucopyranoside manifest
a high antihemolytic activity under hyperosmotic
hemolysis and cold stress of erythrocytes. Hydrophobic
effect was shown to play a dominating role in alkyl-
B,D-glucopyranoside efficiency and during micelle-
formation as well. Alkyl-B,D-glucopyranosides at equal
values of antihemolytic activity and significantly
differing aqueous concentrations were determined to
have approximately equal concentrations in erythrocyte
membrane.
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